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ABSTRACT

Objective To assess the prevalence of sonographic signs in

women with uterine sarcoma.

Materials and Methods A systematic review and meta-analy-

sis were performed. Five electronic databases were searched

from inception to June 2022 for all studies allowing calculation

of the prevalence of sonographic signs in women with uterine

sarcoma. Pooled prevalence with 95% confidence intervals was

calculated for each sonographic sign and was a priori defined as

“very high” when it was ≥ 80 %, “high” when it ranged from

80% to 70%, and less relevant when it was ≤ 70%.

Results 6 studies with 317 sarcoma patients were included.

The pooled prevalence was:

▪ 25.0 % (95%CI:15.4–37.9 %) for absence of visibility of the

myometrium

▪ 80.5 % (95%CI:74.8–85.2 %) for solid component

▪ 78.3 % (95%CI:59.3–89.9 %) for inhomogeneous echo-

genicity of solid component

▪ 47.9 % (95%CI:41.1–54.8 %) for cystic areas

▪ 80.7 % (95%CI:68.3–89.0 %) for irregular walls of cystic

areas

▪ 72.3 % (95%CI:16.7–97.2 %) for anechoic cystic areas

▪ 54.8 % (95%CI:34.0–74.1 %) for absence of shadowing

▪ 73.5 % (95%CI:43.3–90.9 %) for absence of calcifications

▪ 48.7 % (95%CI:18.6–79.8 %) for color score 3 or 4

▪ 47.3 % (95%CI:37.0–57.8 %) for irregular tumor borders

▪ 45.4 % (95%CI:27.6–64.3 %) for endometrial cavity not vi-

sualizable

▪ 10.9 % (95%CI:3.5–29.1 %) for free pelvic fluid

▪ 6.4 % (95%CI:1.1–30.2 %) for ascites

▪ 21.2 % (95%CI:2.1–76.8 %) for intracavitary process

▪ 81.5 % (95%CI:56.1–93.8 %) for singular lesion.

Conclusion Solid component, irregular walls of cystic areas,

and singular lesions are signs with very high prevalence, while

inhomogeneous echogenicity of solid component, anechoic

cystic areas, and absence of calcifications are signs with high

prevalence. The remaining signs were less relevant.
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ZUSAMMENFASSUNG

Ziel Bewertung der Prävalenz sonografischer Zeichen bei

Frauen mit Uterussarkom.

Material und Methoden Es wurden eine systematische Über-

prüfung und eine Meta-Analyse durchgeführt. Fünf elektroni-

sche Datenbanken wurden von Anfang bis Juni 2022 nach al-

len Studien durchsucht, die eine Berechnung der Prävalenz

sonografischer Zeichen bei Frauen mit Uterussarkom ermög-

lichten. Die gepoolte Prävalenz mit 95%-Konfidenzintervallen

wurde für jedes sonografische Zeichen berechnet und a priori

als „sehr hoch“ definiert, wenn sie ≥ 80% war, „hoch“, wenn

sie zwischen 80 % und 70 % lag, und als weniger relevant,

wenn sie ≤ 70% lag.

Ergebnisse Es wurden 6 Studien mit 317 Sarkom-Patientin-

nen eingeschlossen. Die gepoolte Prävalenz betrug:

▪ 25,0 % (95%-CI: 15,4–37,9 %) bei fehlender Sichtbarkeit

des Myometriums

▪ 80,5 % (95%-CI: 74,8–85,2 %) für eine solide Komponente

▪ 78,3 % (95%-CI: 59,3–89,9 %) für inhomogene Echogenität

der soliden Komponente

▪ 47,9 % (95%-CI: 41,1–54,8 %) für zystische Bereiche

▪ 80,7 % (95%-CI: 68,3–89,0 %) für unregelmäßige Wände

der zystischen Bereiche

▪ 72,3 % (95%-CI: 16,7–97,2 %) für echofreie zystische Be-

reiche

▪ 54,8 % (95%-CI: 34,0–74,1 %) für das Fehlen von Schatten-

bildung für keine Abschattung

▪ 73,5 % (95%-CI: 43,3–90,9 %) für das Fehlen von Verkal-

kungen

▪ 48,7 % (95%-CI: 18,6–79,8 %) für den Farbscore 3 oder 4

▪ 47,3 % (95%-CI: 37,0–57,8 %) für unregelmäßige Tumor-

grenzen

▪ 45,4 % (95%-CI: 27,6–64,3 %) für eine nicht sichtbare

Gebärmutterhöhle

▪ 10,9 % (95%-CI: 3,5–29,1 %) für freie Beckenflüssigkeit

▪ 6,4 % (95%-CI: 1,1–30,2 %) für Aszites

▪ 21,2 % (95%-CI: 2,1–76,8 %) für einen intrakavitären Pro-

zess

▪ 81,5 % (95%-CI: 56,1–93,8 %) für singuläre Läsionen.

Schlussfolgerung Zeichen mit sehr hoher Prävalenz sind eine

solide Komponente, unregelmäßige Wände der zystischen

Bereiche und singuläre Läsionen, während Zeichen mit hoher

Prävalenz eine inhomogene Echogenität der soliden Kompo-

nente, echofreie zystische Bereiche und das Fehlen von Ver-

kalkungen sind. Die übrigen Zeichen waren weniger relevant.

Introduction

Uterine sarcomas are rare malignant mesenchymal lesions, con-
stituting 1% of female genital tract malignancies and 3–7% of all
uterine malignancies [1]. They are aggressive neoplasias, with a 5-
year overall survival rate which ranges from 0% to 68% for leio-
myosarcomas and is even lower for undifferentiated sarcomas [2].

The preoperative differentiation between these tumors and
benign lesions, such as uterine leiomyomas, is an unsolved issue,
since uterine sarcomas and myomas can present similar symp-
toms and overlapping imaging features [3].

Ultrasound is the first-line imaging technique within the diag-
nostic workup of myometrial lesions, as it is noninvasive, quick,
cheap, and widely available in clinical practice [4]. Uterine fibroids
have been described as well-defined round lesions, often showing
shadows at the edge of the lesion and/or inside it, with circumfer-
ential flow on color or power Doppler imaging. On the other hand,
uterine sarcomas have been described as purely myometrial le-
sions, typically single and large, with a regular or irregular outline,
frequent irregular anechoic areas, and irregular vascularization
[4]. Unfortunately, ultrasound’s diagnostic value in the detection
of uterine sarcomas is affected by common overlap in ultrasound
appearance between degenerating leiomyomas and malignancy
[5]. Therefore, ultrasound’s value for uterine sarcoma is still un-
certain in clinical practice.

The aim of this study was to assess the prevalence of sono-
graphic signs in women with uterine sarcomas through a systema-
tic review and meta-analysis of the literature.

Materials and methods

Study protocol

Two authors independently concluded each study step according
to an a priori defined study protocol. In the case of disagreements,
a discussion among all authors was adopted as a solution. The Pre-
ferred Reporting Item for Systematic Reviews and Meta-analyses
(PRISMA) statement and checklist [6] was followed for reporting
the whole study.

We searched 5 electronic databases (MEDLINE, Web of Scien-
ces, Google Scholar, Scopus, and ClinicalTrial.gov) from their in-
ception to June 2022, using a combination of the following words:
“uter*”, “cancer”; “carcinoma”; “tumor”; “tumour”; “malignan-
cy”; “neoplas*”; “myom*”; “leiomyom*”; “sarcoma”, “differ-
ent*”; “distinguis*”; “diagnos*”; “preoperat*”; “before surgery”;
“presurg*; ”ultrasound”; “ultrasonograph*”; “ultrasound”; “sono-
graph*”; “scan”; ”sign*”.

The list of references for each eligible study were also screened
for missed studies.

We included all peer-reviewed studies that allowed calculation
of the pooled prevalence of sonographic signs in women with
uterine sarcomas. In particular, we included all studies that re-
ported the presence or absence of the different sonographic signs
and an unbiased postoperative histological diagnosis of uterine
sarcoma.

We a priori defined reviews and case reports as exclusion
criteria.
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Data extraction

Original data from included studies were extracted without mod-
ification and according to the PICO items [6]. The “population” of
our study was women with histologically confirmed uterine sarco-
ma; “intervention” (or risk factor) was the presence of each ultra-
sound sign; “comparator” was not applicable due to the study de-
sign (i. e., systematic review and meta-analysis of prevalence);
“outcomes” were the prevalence of each assessed sonographic
sign in women with histologically confirmed uterine sarcomas.

Data extracted from the study by Chiappa et al. [7] for meta-a-
nalysis referred to subjective ultrasound evaluation before appli-
cation of radiomics and machine-learning models.

In the study from Bonneau et al. [8], 4 cases of STUMP were
considered sarcomas and it was not possible to exclude them
from quantitative analysis.

Risk of bias assessment

The Methodological Index for Non-Randomized Studies (MINORS)
was followed to assess the risk of bias within studies [9]. Six applic-
able domains were evaluated: Aim (if the study had a clearly sta-
ted aim); inclusion of consecutive patients (if patient selection in-
cluded all eligible patients during the study period); prospective
collection of data (if data collection was performed following a
protocol a priori defined); endpoints appropriate to the aim (if
data about the presence of sonographic signs in women with his-
tologically confirmed uterine sarcomas were reported); unbiased
assessment of the study endpoints (if assessment of sonographic
signs and histological examination were unbiased, e. g., ultra-
sound performed by expert sonographers, blinded evaluation of
histological examination by at least 2 pathologists, and use of up-
dated pathological criteria).

The risk of bias was categorized as “high risk”, “unclear risk”, or
“low risk” if data about each domain were “reported but inade-
quate”, “not reported”, or “reported and adequate”, respectively.

Data analysis

The prevalence of each assessed sonographic sign in women with
histologically confirmed uterine sarcoma was calculated as the
number of women with the specific sonographic sign divided by
the total number of women with histologically confirmed uterine
sarcomas. Prevalence was calculated as individual and pooled es-
timates, and graphically reported on forest plots with 95% confi-
dence intervals (CI). Prevalence was a priori defined as “very high”
when it was ≥ 80%, “high” when it ranged from 80% to 70%, and
less relevant when it was ≤ 70%.

Statistical heterogeneity among the included studies was eval-
uated by the inconsistency index I2. In detail, heterogeneity was
judged as null for I2 = 0 %, minimal for 0 %<I2≤ 25 %, low for
25 <I2≤ 50%, moderate for 50 <I2≤ 75%, and high for I2> 75 %, as
previously reported [10, 11, 12, 13].

The random effect model of DerSimonian and Laird was adop-
ted for all analyses independently from the statistical heterogene-
ity.

Meta-DiSc version 1.4 (Clinical Biostatistics Unit, Ramon y Cajal
Hospital, Madrid, Spain) and Review Manager 5.4 (Copenhagen:

The Nordic Cochrane Centre, Cochrane Collaboration, 2014)
were used as data analysis software.

Results

Study selection

At the end of the database searches, 4,242 studies were identi-
fied. The removal of duplicates and title screening processes yiel-
ded 510 and 74 studies, respectively. After abstract screening, 14
studies were evaluated for eligibility [7, 8, 14, 15, 16, 17, 18, 19,
20, 21, 22, 23, 24, 25]. Of them, 8 studies were excluded because
they did not report the presence of sonographic signs in women
with sarcoma [14, 15, 16, 17]. Finally, 6 studies with 317 sarcoma
patients were included in the qualitative and quantitative analyses
[7, 8, 18, 19, 20, 21] (Supplementary Figure 1).

All included studies were designed as observational retrospec-
tive studies: three were case-control studies and three were ob-
servational retrospective studies (Supplementary Table 1).

The mean age of women with uterine sarcomas ranged from to
38 to 72.7 years. From studies with extractable data, 25.1 % of
women were nulliparous and 50.2 % were menopausal. With re-
spect to symptoms, 39.7 % of women had abnormal uterine
bleeding, 15.5 % pelvic pain, and 4.5 % a palpable mass, while
12.9 % were asymptomatic. 74.2 % of sarcomas were International
Federation of Gynecology and Obstetrics (FIGO) stage I-II (Supple-
mentary Table 2).

The following sonographic signs were assessed (Supplemen-
tary Table 3):
▪ myometrium not visible, defined as absence of visibility of the

myometrium;
▪ presence of a solid component, defined as a structure that has

echogenicity suggestive of tissue;
▪ inhomogeneous echogenicity of a solid component;
▪ presence of cystic areas, defined as rounded lesions within the

myometrium which may be anechoic, of low-level echogenici-
ty, of ground-glass appearance, or of mixed echogenicity;

▪ irregular walls of cystic areas, considered positive if at least one
cyst cavity had irregular contours;

▪ anechoic cystic areas, distinguishing from low level, hemor-
rhagic, ground glass, or other cystic areas;

▪ absence of shadowing, defined as a signal void behind struc-
tures that strongly absorb or reflect ultrasonic waves and de-
scribed as either “fan-shaped shadowing” or “internal sha-
dows”;

▪ absence of calcification, defined as hyperechoic foci with sha-
dowing behind;

▪ abnormal vascularization, defined as a color score of 3 or 4,
where a color score of 3 means that a moderate amount of
color Doppler signal was detected; and a score of 4 that abun-
dant signal was detected [26];

▪ irregularity of the borders of the lesion, considered positive if
at least one myometrial lesion had irregular contours;

▪ absence of visualization of endometrial cavity, considered po-
sitive if the endometrium was not visible for the presence of
the myometrial lesion;
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▪ presence of fluid in the pouch of Douglas;
▪ ascites, defined as the presence of fluid outside the pouch of

Douglas;
▪ single lesion, defined as the presence of no more than one

myometrial mass;
▪ intracavitary processes, defined as the presence of lesions

within the uterine cavity.

Risk of bias assessment

All included studies were judged to be at low risk of bias for each
domain, except for the “Unbiased assessment of the study end-
points” domain, where three studies were judged to be at unclear
risk of bias for different reasons. In particular, the study by Bon-
neau et al. considered four cases of STUMP to be malignant sarco-
mas [8]. The study by Exacoustos et al. adopted not updated
pathological criteria for the diagnosis of uterine sarcoma [18].
The study by Park et al. did not report a blinded evaluation of his-
tological examination by at least 2 pathologists [21] (Supplemen-
tary Figure 2).

Meta-analysis

Among the total number of studies included in calculating pooled
prevalence of each sonographic sign, 3 studies [7, 20, 21] inclu-
ded the absence of visibility of the myometrium and the presence

of a solid component; 4 studies [7, 8, 19, 20] included inhomoge-
neous echogenicity of a solid component, 6 studies [7, 8, 18, 19,
20, 21] included the presence of cystic areas; 2 studies [19, 20]
included irregular walls of cystic areas; 2 studies [20, 21] included
the presence of anechoic cystic areas; 4 studies [7, 8, 19, 20] in-
cluded the absence of shadowing and absence of calcifications; 5
studies [7, 8, 18, 20, 21] included color score 3 or 4; 5 studies [7,
8, 19, 20, 21] included irregularity of the borders of the lesion; 3
studies [7, 20, 21] included the absence of visualization of endo-
metrial cavity; 2 studies [7, 20] included the presence of fluid in
the pouch of Douglas; 3 studies[7, 8, 20] for presence of ascites;
3 studies [8, 19, 20] included the presence of an intracavitary pro-
cess; 5 studies [7, 8, 18, 19, 21] included the presence of a single
lesion.

In 2 studies [20] some sonographic signs were not assessed in
all included patients. Therefore, when calculating the pooled
prevalence of those signs, we considered only patients with the
assessed sign. Moreover, for the study by Exacoustos et al. [18]
which reported both peripheral and central vascularization of the
lesion, we exclusively considered central vascularization of the le-
sion when calculating the prevalence of the sign “color score”.
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The pooled prevalence was:
▪ 25.0 % (95%CI: 15.4–37.9 %; I2:0 %) for the absence of visibility of the myometrium (▶ Fig. 1);

▪ 80.5 % (95%CI: 74.8–85.2 %; I2:0 %) for the presence of a solid component (▶ Fig. 2);

▪ 78.3 % (95%CI: 59.3–89.9 %; I2:0 %) for inhomogeneous echogenicity of a solid component (▶ Fig. 3);

▶ Fig. 2 Forest plots of individual studies and pooled for presence of solid component.

▶ Fig. 1 Forest plots of individual studies and pooled for absence of visibility of the myometrium.

▶ Fig. 3 Forest plots of individual studies and pooled for inhomogeneous echogenicity of solid component.
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▪ 47.9 % (95%CI: 41.1–54.8 %; I2:0 %) for the presence of cystic areas (▶ Fig. 4);

▪ 80.7 % (95%CI: 68.3–89.0 %; I2: not assessable) for irregular walls of cystic areas (▶ Fig. 5);

▪ 72.3 % (95%CI: 16.7–97.2; I2: not assessable) for anechoic cystic areas (▶ Fig. 6);

▶ Fig. 4 Forest plots of individual studies and pooled for presence of cystic areas.

▶ Fig. 5 Forest plots of individual studies and pooled for irregular walls of cystic areas.

▶ Fig. 6 Forest plots of individual studies and pooled for anechoic cystic areas.
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▪ 54.8 % (95%CI: 34.0–74.1 %; I2:0 %) for the absence of shadowing (▶ Fig. 7);

▪ 73.5 % (95%CI: 43.3–90.9 %; I2:0 %) for the absence of calcifications (▶ Fig. 8);

▶ Fig. 7 Forest plots of individual studies and pooled for absence of shadowing.

▶ Fig. 8 Forest plots of individual studies and pooled for absence of calcifications.
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▪ 48.7 % (95%CI: 18.6–79.8 %; I2:0 %) for color score 3 or 4 (▶ Fig. 9);

▪ 47.3 % (95%CI: 37.0–57.8 %; I2:0 %) for irregular tumor borders (▶ Fig. 10);

▶ Fig. 9 Forest plots of individual studies and pooled for color score 3 or 4.

▶ Fig. 10 Forest plots of individual studies and pooled for irregular tumor borders.
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▪ 45.4 % (95%CI: 27.6–64.3 %; I2:0 %) for endometrial cavity not visualizable (▶ Fig. 11);

▪ 10.9 % (95%CI: 3.5–29.1 %; I2: not assessable) for the presence of fluid in the pouch of Douglas (▶ Fig. 12);

▪ 6.4 % (95%CI: 1.1–30.2 %; I2:0 %) for the presence of ascites (▶ Fig. 13);

▶ Fig. 11 Forest plots of individual studies and pooled for endometrial cavity not able to be visualized.

▶ Fig. 12 Forest plots of individual studies and pooled for presence of fluid in the pouch of Douglas.

▶ Fig. 13 Forest plots of individual studies and pooled for presence of ascites.
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▪ 21.2 % (95%CI: 2.1–76.8 %; I2:0 %) for the presence of an intracavitary process (▶ Fig. 14);

▪ 81.5 % (95%CI: 56.1–93.8 %; I2:0 %) for the presence of a singular lesion (▶ Fig. 15)

▶ Fig. 14 Forest plots of individual studies and pooled for presence of an intracavitary process.

▶ Fig. 15 Forest plots of individual studies and pooled for presence of a singular lesion.
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Discussion

This study shows that the presence of a solid component, irregu-
lar walls of cystic areas, and singular lesions are sonographic signs
with very high prevalence in uterine sarcomas, while inhomoge-
neous echogenicity of a solid component, anechoic cystic areas,
and the absence of calcifications are signs with high prevalence.
On the other hand, the presence of cystic areas (not exclusively
anechoic), the absence of shadowing, a color score of 3 or 4, irreg-
ular tumor borders, lack of visualization of the endometrial cavity,
the presence of fluid in the pouch of Douglas, the presence of as-
cites, and the presence of an intracavitary process are less com-
mon signs in malignant myometrial lesions.

Several tools have been described in the literature for the pre-
operative differentiation of uterine sarcomas from leiomyomas [3,
4, 25, 7, 27]. Among these, ultrasound is the first-line diagnostic
tool as it is easy to perform, is cheap, and requires no patient pre-
paration of preliminary exams.

In our study, the presence of a solid component, irregular walls
of cystic areas, and singular lesions were the sonographic signs
with the highest prevalence in uterine sarcomas, while other signs
with high prevalence (although lower than the previous ones)
were inhomogeneous echogenicity of a solid component, anec-
hoic cystic areas, and the absence of calcifications.

The high prevalence of a solid component with inhomoge-
neous echogenicity may be explained by the increase of cellularity
(generally exceeding 15 mitotic figures per 10 high-power fields
[3]) caused by uncontrolled proliferation of neoplastic cells in
uterine sarcomas. On ultrasound, “solid component” means the
presence of high echogenicity [26].

On the other hand, the high prevalence of cystic areas would
be the sonographic appearance of focal coagulative necrosis and
degeneration of neoplastic tissue [28], while the irregularity of
the walls of cystic areas would be due to a rapid and chaotic
growth of malignant cells, reflecting the end-state of accumula-
tion of multiple genetic defects in uterine sarcomas [3]. Degen-
eration and coagulative necrosis of neoplastic tissue in sarcomas
would also explain the lack of calcifications inside the tumor.

In contrast, in our study, we found that the presence of cystic
areas (not exclusively anechoic), the absence of shadowing, a col-
or score of 3 or 4, irregular tumor borders, lack of visualization of
the endometrial cavity, the presence of fluid in the pouch of Dou-
glas, the presence of ascites, and the presence of an intracavitary
process were less common signs in uterine sarcomas. Among
these, it is a noteworthy finding that a color score of 3 or 4 had a
low pooled prevalence (48.7 %). In fact, irregular and intense vas-
cularity is typically known as a sign of malignant lesions due to
neoangiogenesis related to the tumoral microenvironment [4,
16]. In addition, this sonographic sign could be considered even
less relevant in uterine sarcoma diagnosis as uterine leiomyomas
are usually sparsely vascularized, too [29].

To our knowledge, this study may be the first study to calculate
the pooled prevalence of each sonographic sign in women with
uterine sarcoma. On the one hand, it may provide physicians
with some sonographic “red flags” in the diagnosis of uterine le-
sions, and, on the other hand, it may highlight sonographic signs
rarely associated with malignant lesions.

However, some limitations may affect our findings: First, the
impossibility of evaluating a combination of sonographic signs
(the presence of two or more signs with a high prevalence in uter-
ine sarcomas on ultrasound might actually increase the specificity
of this examination and should be evaluated in future studies);
second, the retrospective design of the included studies (how-
ever, given the rarity of uterine sarcomas, prospective studies do
not seem feasible); lastly, the inability to calculate the accuracy of
the considered sonographic signs since the data were not suffi-
cient for this analysis.

Conclusion

On ultrasound of women with uterine sarcoma, a solid compo-
nent, irregular walls of cystic areas, and singular lesions are signs
with very high prevalence, while inhomogeneous echogenicity of
a solid component, anechoic cystic areas, and the absence of cal-
cifications are signs with high prevalence. In contrast, the pres-
ence of cystic areas (not exclusively anechoic), the absence of sha-
dowing, a color score of 3 or 4, irregular tumor borders, a lack of
visualization of the endometrial cavity, the presence of fluid in the
pouch of Douglas, the presence of ascites, and the presence of an
intracavitary process appear to be less common signs.

Our findings might help build a standardized approach for the
ultrasound diagnosis of uterine sarcomas. The presence or ab-
sence of the described ultrasound signs may represent a useful
item to help physicians in the differential diagnosis between be-
nign and malignant uterine mesenchymal lesions.
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